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ABSTRACT 

A novel  technique f o r  s e p a r a t i n g  u l t r a f i n e  p y r i t e  p a r t i c l e s  (minus 40 microns) from 
c o a l  f i n e s  has been concep tua l ly  developed and t e s t e d .  The technique invo lves  t h e  
use of a s e l e c t i v e  polymeric d i s p e r s a n t  f o r  p y r i t e ,  wh i l e  f l o c c u l a t i n g  coal  p a r t i -  
c l e s  with a gene ra l  polymeric  f l o c c u l a n t .  The suspended p y r i t e  can be then removed 
from t h e  f l o c c u l a t e d  c o a l  f i n e s  which set t le  p r e f e r e n t i a l l y  by gravi ty .  

The key t o  t h i s  s e p a r a t i o n  was t h e  design and p repa ra t ion  of the  s e l e c t i v e  d l s p e r -  
s a n t  for  p y r i t e  (PAAX). Th i s  was achieved by inco rpora t ing  xan tha te  groups i n t o  
t h e  s t r u c t u r e  of a low molecular  weight  a c r y l i c  ac id  polymer (PAA). Test ing t h i s  
reagent  on i n d i v i d u a l  suspensions of c o a l  and p y r i t e  confirmed its s e l e c t i v e  d i s -  
pe r s ion  a c t i o n  towards p y r i t e ,  while  it had no d i s p e r s i o n  a c t i o n  on c o a l  suspension 
when using Purifloc-A22 f l o c c u l a n t .  Prel iminary tests on high s u l f u r  c o a l  from 
Kentucky No. 9 seam, also confirmed t h i s  s e l e c t i v i t y .  Fu r the r  p rocess  development 
is needed however be fo re  t h i s  promising technique can be commercially f e a s i b l e .  

In t roduc t ion  

Most of the Eas t e rn  U.S. c o a l s ,  s u f f e r  from high s u l f u r  c o n t e n t ,  which on burning 
emit s u l f u r  d iox ide  in excess  of EPA l i m i t  of 1.2 l b  502 /mi l l i on  Btu. 
t h e r e  a r e  t h r e e  broad r eg ions  t h a t  s u f f e r  from seve re  s u l f u r  problems. These a r e :  
Northern Appalachia (Pennsylvania. Ohio. West Vi rg in i a )  w i t h  average s u l f u r  c o n t e n t  
of about 3%; Midwest r eg ion  (Indiana,  I l l i n o i s ,  Kentucky) wi th  average s u l f u r  of 
3.9%; and Cen t ra l  Midwest (Iowa, Missouri ,  Kansas, Oklahoma) wi th  average s u l f u r  of 
5.25%. 

The presence of s u l f u r  i n  c o a l  is gene ra l ly  a t t r i b u t e d  t o  two forms, o rgan ic  s u l f u r  
and p y r i t i c  s u l f u r .  The p r o p o r t i o n  of p y r i t i c  s u l f u r  t o  o rgan ic  s u l f u r  v a r i e s  s ig -  
n i f i c a n t l y  from one c o a l  seam to ano the r ,  b u t  it appears  t h a t  p y r i t i c  s u l f u r  gener- 
a l l y  r ep resen t s  about 70 pe rcen t  or more of t h e  t o t a l  s u l f u r  (1) .  The p y r i t e  is 
found in c o a l  i n  a wide s i z e  d i s t r i b u t i o n ,  w i th  a s i g n i f i c a n t  p ropor t ion  i n  t h e  ve ry  
f i n e  s i z e  f r a c t i o n  ( l e s s  t han  25 microns) .  
p y r i t e  i n  t h e  Midwest r eg ion  is about 37u (400 mesh) and f o r  Cen t ra l  t o  Western 
Midwest region is about 10711 (150 mesh), and in t h e  Appalachian r eg ions  i s  about  68- 
1OOu. This can only mean t h a t  a s i g n i f i c a n t  amount of t h e  p y r i t e  is in the  ve ry  
f i n e  t o  c o l l o i d a l  f r a c t i o n s .  I n  f a c t ,  t h e r e  a r e  c o a l  seams. such as Kentucky No. 9 
where all t h e  p y r i t e  p a r t i c l e s  are o f t e n  sma l l e r  than about ten  microns (2). 

It is bel ieved t h e r e f o r e ,  t h a t  t h e  separat ion-removal  of  p y r i t e  from c o a l  p r l o r  t o  
its combustion would g r e a t l y  reduce t h e  s u l f u r  d iox ide  emission and r ende r  many 
c o a l  d e p o s i t s  w i th in  the  EPA l i m i t s .  

For s e p a r a t i o n  of c o a l  from r e l a t i v e l y  coa r se  s h a l e  and p y r i t e ,  gravi ty-based tech- 
n iques  have been e f f e c t i v e l y  u t i l i z e d .  
microns, f r o t h  f l o t a t i o n  h a s  been used s a t i s f a c t o r i l y  f o r  s e p a r a t i n g  c o a l  from 
s h a l e s  (3). Even s e p a r a t i o n  of p y r i t e  from c o a l  has  been achieved by f l o t a t i o n  (4) .  
However, most of t h e s e  p rocesses  become l e s s  e f f e c t i v e  when the p a r t i c l e  s i z e  of t h e  
c o a l  suspension i s  s i g n i f i c a n t l y  below 100 microns. 

S p e c i f i c a l l y ,  

For example t h e  mean p a r t i c l e  s i t e  of 

For s i z e s  below 300 microns t o  about 100 
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Une o r  t n e  promis ing  new technologies  f o r  s e p a r a t i o n  of very  f i n e  p a r t i c l e s  is se-  
l e c t i v e  f l o c c u l a t i o n .  The s e l e c t i v e  f l o c c u l a t i o n  p r o c e s s  has  been used e f f e c t i v e l y  
t o  s e p a r a t e  very f i n e l y  disseminated minera ls  from mixed o r e  suspension (5). The 
process  is based on t h e  p r e f e r e n t i a l  a d s o r p t i o n  of an  o r g a n i c  f l o c c u l a n t  on the  
wanted minera ls ,  thereby  f l o c c u l a t i n g  them, whi le  l e a v i n g  t h e  remainder of t h e  sus- 
pension p a r t i c l e s  d i s p e r s e d .  The d i s p e r s i o n  of c e r t a i n  components in t h e  suspension 
such  as p y r i t e ,  c a n  be enhanced by u s i n g  more s e l e c t i v e  o r  powerful d i s p e r s a n t s .  
Methods f o r  a c h i e v i n g  s e l e c t i v e  f l o c c u l a t i o n  and d i s p e r s i o n  have been r e c e n t l v  dea- 
c r ibed  by A t t i a  (6 ) .  

The o b j e c t i v e  of t h i s  r e s e a r c h  was t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of s e p a r a t i n g  
c o a l  f i n e s  from mixed suspens ions  w i t h  p y r i t e  by s e l e c t i v e  f l o c c u l a t i o n .  I n  t h i s  
work, t h e  s e p a r a t i o n  of p y r i t e  from c o a l  was based on t h e  d i s t i n c t  d i f f e r e n c e s  in 
t h e i r  s u r f a c e  chemica l  p r o p e r t i e s .  P y r i t e  be ing  a s u l f i d e  minera l  has  an  a f f i n i t y  
f o r  xantha te  c o n t a i n i n g  r e a g e n t s ,  w h i l e  coal does n o t  have such an  a f f i n i t y  towards 
xantha tes .  Therefore ,  i f  xantha te  groups could be incorpora ted  i n t o  t h e  s t r u c t u r e  
of long-chain polymers, s e l e c t i v e  polyxantha te  f l o c c u l a n t s  or d i s p e r s a n t s  f o r  p y r i t e  
might thus  b e  achieved .  
s u l f i d e  minera ls ,  p a r t i c u l a r l y  f o r  copper,  w a s  f i r s t  r e p o r t e d  by A t t i a  and Kitchener 
(7). 
s t r a t e d  r e c e n t l y  by A t t i a  and Fuerstenau (8) .  

T h i s  a r t i c l e  d e s c r i b e s  t h e  progress  made t o  achieve  s e l e c t i v e  f l o c c u l a t i o n  of coa l  
from p y r i t e  from a c o a l  sample conta in ing  about 2.9% t o t a l  s u l f u r .  

Prepara t ion  and T e s t i n g  of Polyxanthate Dispersants .  

In a preceeding a r t i c l e  (8)  A t t i a  and Fuerstaneu prepared  polyxantha te  d i s p e r s a n t s  
by r e a c t i n g  low molecular  weight p o l y a c r y l i c  a c i d  solutions with  sodium hydroxide 
and carbon d i s u l f i d e .  The presence of t h e  xantha te  groups (Dithio-carbonate) in 
t h e  polymeric d i s p e r s a n t  w a s  a s c e r t a i n e d  from t h e  W - Spect ra  of t h e  s o l u t i o n ,  
where t h e  a b s o r p t i o n  peak a t  305 t o  307 mu w a s  observed. 
W-absorption peak of lower xantha te  compounds of 303 m u .  

S e l e c t i v e  f l o c c u l a t i o n  of  c o a l  from p y r i t e  w a s  i n v e s t i g a t e d  us ing  t h e  newly devel- 
oped polyxantha te  d i s p e r s a n t  i n  conjunct ion  w i t h  a po lys tyrene  s u l f o n a t e  ( p u r i f l o c  
A22) f l o c c u l a n t .  The f l o c c u l a t i o n  r e s u l t s  on t h e  i n d i v i d u a l  minera l  suspensions a r e  
shown i n  F igure  1 (A & B). These graphs show t h e  e f f e c t  of p o l y a c r y l i c  a c i d  d isper -  
s a n t  before (PAA) and a f t e r  xantha t ion  (PAAX) on t h e  f loccula t ion- -d ispers ion  behavior 
of i n d i v i d u a l  suspens ions  of c o a l  and p y r i t e  w i t h  Purifloc-A22 f l o c c u l a n t .  

From Figure l (A) ,  i t  appeared t h a t  PAA i n h i b i t e d  o r  r e s t r a i n e d  t h e  f l o c c u l a t i o n  
a c t i o n  of Purifloc-A22 on b o t h  c o a l  and p y r i t e  suspens ions  a t  PAA concent ra t ions  O f  

100 mg/ l  and above. The d i s p e r s i v e  a c t i o n  of PAA i n  t h i s  c a s e  was t h e r e f o r e  unse- 
l e c t i v e .  However, t h e  PAAX crude r e a c t i o n  product i n  F igure  1(B) only  d ispersed  t h e  
p y r i t e  suspension t o  t h e  same l e v e l  as PAA, whi le  t h e  c o a l  suspens ion  was t o t a l l y  
f loccula ted  even a t  high PAAX concent ra t ions .  The polyxantha te  d i s p e r s a n t  r a t h e r  
than  improving t h e  d i s p e r s i o n  o f  p y r i t e ,  simply d i d  not adsorb on t h e  c o a l  p a r t i c l e s .  
thereby c r e a t i n g  a s e l e c t i v e  d i s p e r s i o n  a c t i o n  f o r  t h e  p y r i t e .  These observa t ions  
i n  Figure 1 ( B )  were repea ted  and noted s e v e r a l  t i m e s  even wi th  p u r i f i e d  PAAX S o h -  
t i o n s .  
us ing  PAAX r e a g e n t  appeared, t h e r e f o r e ,  p o s s i b l e .  

Ef fec t  o f  P y r i t e  P a r t i c l e  S i z e  on Dispersion: It  w a s  suspec ted  t h a t  a l o t  of the 
non-dispersed p y r i t e  p a r t i c l e s ,  shown i n  F igure  1, was due t o  t h e  s e t t l i n g  of 
"coarse" p a r t i c l e s  between 10 and 37 microns. P y r i t e  has  a s p e c i f i c  g r a v i t y  of 
about 5.4,  whi le  t h a t  of c o a l  i s  around 1.6 t o  1.8. Therefore ,  a p y r i t e  suspensions 
of coal  and p y r i t e  o f  minus 37 microns s i z e  were a l s o  t e s t e d  simultaneously.  The 
r e s u l t s  showed t h a t  t h e  c o a l  was almost t o t a l l y  f l o c c u l a t e d  as b e f o r e ,  whi le  the 
minus 10 micron p y r i t e  suspension remained very  stable,  w i t h  only 10 - 20% weight of 
t h e  p a r t i c l e ,  s e t t l e d  o r  f l o c c u l a t e d .  The minus 37 micron p y r i t e  behaved i n  t h e  
same manner as i n  Figure 1 .  

The use of po lyxantha tes  f o r  s e l e c t i v e  f l o c c u l a t i o n  of 

The s e p a r a t i o n  of p y r i t e  from c o a l  us ing  polyxantha te  d i s p e r s a n t s  w a s  demon- 

This  is  very  c l o s e  t o  the  

S e l e c t i v e  d i s p e r s i o n  of p y r i t e  o r  s e l e c t i v e  f l o c c u l a t i o n  of c o a l  from p y r i t e  

From t h e s e  o b s e r v a t i o n s ,  i t  i s  be l ieved  t h a t  t h e  se- 
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l e c t i v e  d i s p e r s i o n  of p y r i t e  w i l l  be more e f f e c t i v e  a t  t h e  s m a l l e r  p a r t i c l e  s i z e s .  

S e l e c t i v e  F l o c c u l a t i o n  of High S u l f u r  Coal 

Preliminary t e s t i n g  of t h e  polyxantha te  d i s p e r s a n t  mentioned e a r l i e r .  dur ing  t h e  
s e l e c t i v e  f l o c c u l a t i o n  of  h igh  s u l f u r  c o a l  w a s  conducted and descr ibed  here .  A 
saiuple of bituminous c o a l  from Kentucky No. 9 seam was k indly  suppl ied  by t h e  
Occidental  Research Corporation. 
m i l l  and screened  t o  o b t a i n  t h e  minus 400 mesh (-37u) f r a c t i o n  f o r  t e s t i n g .  

Single-step s e l e c t i v e  f l o c c u l a t i o n  tests were conducted on d i l u t e  suspensions (about 
3% wt) of t h e  minus 37u c o a l  p a r t i c l e s ,  us ing  2 mg/l,  F1029-D f l o c c u l a n t  (a p a r t i a l -  
l y  hydrophobic polymer prepared by Dai-Ichi Kogyo Sieyako, Japan) ,  a t  pH. 10. The 
test procedure w a s  a s  follows: The c o a l  suspens ion  w a s  d i spersed  a t  a moderate 
shear  for  10 minutes,  dur ing  which t h e  r e q u i r e d  amounts of PAAX s o l u t i o n  were added 
and t h e  pH was a d j u s t e d  t o  10. The f l o c c u l a n t  was then  adminis te red  whi le  t h e  sus- 
pension was s t i r r e d  a t  h igh  s h e a r  f o r  10 seconds.  The suspension was t h e r e a f t e r  
S t i r r e d  a t  a low s h e a r  f o r  one minute,  followed by g e n t l e  r o t a t i o n  i n  an i n c l i n e d  
cy l inder  f o r  5 minutes.  A t  t h e  end of t h i s  s t e p  t h e  suspension was decanted o f f  and 
the  f loccula ted  f r a c t i o n  w a s  recovered. Both f r a c t i o n s  were d r i e d ,  weighed and ana- 
lyzed f o r  t o t a l  s u l f u r .  The r e s u l t s  of t h i s  b r i e f  s tudy  is  show! i n  Table 1 below. 

The c o a l  sample w a s  w e t  ground i n  a s t e e l  b a l l  

Table 1: Mater ia l  Balance f o r  One-Step S e l e c t i v e  F loccula t ion  of  High 
S u l f u r  Coal us ing  PAAX Dispersant  and F1029-D Flocculan t .  

T o t a l  Tota l  Sul fur  
Product Weight % S u l f u r %  D i s t r i b u t i o n  % Remarks 

, 

I 

t 

Dispersed 3.7 13.74 

Feed 10 
Flocculated - 96.3 2.08 

20.3 
79.7 

100.0 

500 mg/l 
PAAX 

Dispersed 2.7 9.96 9.7 300 mg/l 

Feed 100.0 2.76 100.0 
Flocculated - 97.3 2.56 90.3 PAAX - 

These r e s u l t s  show t h a t  t h e  s u l f u r  conten t  of t h e  d ispersed  ( r e j e c t )  p roducts  was 
s i g n i f i c a n t l y  h igher  than  t h e  feed o r  t h e  f l o c c u l a t e d  f r a c t i o n s .  This was s p e c i a l l y  
ev ident  a t  t h e  h igher  PAAX d i s p e r s a n t  c o n c e n t r a t i o n  (500 mg/l) where t h e  s u l f u r  con- 
t e n t  i n  the d ispersed  f r a c t i o n  w a s  13.74% compared wi th  2.08% i n  t h e  f l o c c u l a t e d  
f r a c t i o n .  While t h e s e  r e s u l t s  p r e s e n t  a d e f i n i t e  evidence f o r  t h e  s e l e c t i v i t y  of 
f l o c c u l a t i n g  c o a l  and d i s p e r s i n g  p y r i t e  with t h e  reagents  mentioned above, t h e  t o t a l  
s u l f u r  removal w a s  very  low. 
p y r i t e  is knovn t o  be very  f i n e l y  disseminated (-10 microns) i n  Kentucky No. 9 seams 
from which t h i s  sample was obta ined .  In t h e  b r i e f  t e s t s  mentioned h e r e  no a t t e n t i o n  
w a s  paid t o  t h e  l i b e r a t i o n  c h a r a c t e r i s t i c s  of p y r i t e  from c o a l .  It was hoped t h a t  
gr inding  t o  minus 400 mesh (37 microns) would l i b e r a t e  a s i g n i f i c a n t  amount of py- 
r i t e .  Another p o s s i b l e  reason f o r  t h e  low s u l f u r  removal was t h e  presence of 
"coarse" p y r i t e  O K  p y r i t e - c o n t a i n i n g  c o a l  p a r t i c l e s  which would s e t t l e  a t  a s i m i l a r  
r a t e  as t h e  pure c o a l  f l o c s ,  t h u s ,  i n t e r f e r r i n g  i n  t h e i r  s e p a r a t i o n .  As  mentioned 
e a r l i e r  i n  t h i s  a r t i c l e ,  t h e  process  i s  expected t o  be more e f f e c t i v e  f o r  t h e  10 
microns s i z e  p y r i t e  than  f o r  37 microns s i z e  p y r i t e  p a r t i c l e s ,  i f  g r a v i t a t i o n a l  
s e t t l i n g  was used f o r  s e p a r a t i o n  of f l o c s  from suspension. Other f l o c  s e p a r a t i o n  
methods such as  f l o t a t i o n  might extend the  e f f e c t i v e n e s s  of t h i s  s e l e c t i v e  f l o c -  
c u l a t i o n  method t o  c o a r s e r  s i z e s .  A l t e r n a t i v e l y ,  t h e  c o a r s e r  p y r i t e  p a r t i c l e s  
( g r e a t e r  than 25 microns f o r  example) could be separa ted  by o t h e r  technique p r i o r  t o  

The low s u l f u r  removal could be due to t h e  f a c t  t h a t  
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applying s e l e c t i v e  f l o c c u l a t i o n .  

Conclusions 

From t h e  foregoing  d i s c u s s i o n ,  i t  can be concluded t h a t  t h e  a d d i t i o n  of t h e  poly- 
xanthate d i s p e r s a n t  (PAAX) d u r i n g  the  s e l e c t i v e  f l o c c u l a t i o n  of c o a l  wi th  F1029-D 
o r  Purifloc-A22, p r e s e n t s  a promising approach f o r  t h e  r e m o v a l o f  u l t r a f i n e  p y r i t e  
p a r t i c l e s  from c o a l  suspens ions .  This  would s p e c i a l l y  be t r u e  however i f  f u t u r e  
i n v e s t i g a t i o n s  could improve t h e  o v e r a l l  p y r i t e  removal, whi le  s t i l l  o b t a i n i n g  high 
c o a l  (Btu) recovery .  It i s  be l ieved  t h a t  by apply ing  mul t i - s tage  s e l e c t i v e  floccu- 
l a t i o n  ( i . e . ,  t h e  f l o c s  from t h e  f i r s t  s e p a r a t i o n  s t e p  are re-dispersed and re - f loc-  
cu la ted  s e v e r a l  t imes)  more of t h e  l i b e r a t e d  p y r i t e  p a r t i c l e s  would be removed. 
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